###### Strengths and limitations of this study

-   This is the first and comprehensive study of the characteristics and factors associated with commonly prescribed central nervous system depressants (CNSDs) prolonged use, misuse and dependence in older hospitalised patients.

-   Characteristics of at-risk patients and significant associations revealed in this study can be used to inform ways for implementing future research initiatives and interventions aiming at early detection, prevention and treatment for CNSD overuse among older patients.

-   We used validated and generally accepted diagnostic criteria to assess medication misuse and dependence in older patients (Diagnostic and Statistical Manual of Mental Disorders, 4th Edition criteria for substance abuse and dependence).

-   The use of cross-sectional data and a hospital-based sample precludes us from inferring causal relationships and generalising the study findings to the general population.

Introduction {#s1}
============

Central nervous system depressants (CNSDs) such as opioid analgesics, benzodiazepines and z-hypnotics are commonly prescribed among older patients for the treatment of chronic pain, anxiety and insomnia. While these medications are essential for moderate-severe cases, long-term use is not recommended owing to the risk of adverse events, including hyperalgesia, fractures, falls, cognitive impairment and dependence.[@R1] This underlines the importance of rational use and prescription of CNSDs for older patients. To achieve this, one of the practical steps is for clinicians to be able to timely recognise older patients at risk or suffering from medication misuse and dependence.

According to the Norwegian Prescription Database, the consumption of potentially addictive drugs such as opioid analgesics (ie, oxycodone and tramadol), benzodiazepines (ie, diazepam, oxazepam and nitrazepam) and z-hypnotics (ie, zopiclone and zolpidem) is high among individuals aged 65 and older. These drugs were among the 30 most commonly prescribed drugs to older patients in Norway in 2017.[@R4]

A Norwegian study showed that patients' regular general practitioners (GPs) prescribed the largest proportion of addictive drugs to their older patients (77%) compared with other groups of physicians.[@R5] In line with this, another study found that CNSDs were frequently prescribed by GPs in large quantities and through indirect contacts without consultation.[@R6] Both inappropriate prescribing and the high consumption of such addictive medications may put older patients at risk of medication misuse and dependence---a condition characterised by persistent and compulsive use of a medication despite impairment in physical, social and psychological health.[@R7]

Given the vulnerability to serious adverse effects and interactions as a result of age-related changes in pharmacokinetics and pharmacodynamics, timely recognition and treatment of medication misuse and dependence in older patients are crucial to ensure medication safety and to avoid increasing health expenditure.[@R8] Yet the detection of these disorders in older people is challenging and requires both valid screening tools and evidence-based knowledge on long-term use of CNSDs, including patients' characteristics related to misuse and dependence.[@R7] Addressing these knowledge gaps forms the basis for developing evidence-based intervention.

This study intends to provide such information by investigating sociodemographic, pharmacological and clinical characteristics and factors associated with prolonged medication use, misuse and dependence in hospitalised older patients, focusing on three commonly prescribed CNSDs: opioid analgesics, benzodiazepines and z-hypnotics.

Methods {#s2}
=======

Study design {#s2-1}
------------

The study was a prospective, cross-sectional, in-hospital study and complied with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.

Participants and setting {#s2-2}
------------------------

The recruitment process took place between May 2017 and September 2018, at three somatic departments of the Akershus University Hospital: geriatrics, general internal medicine and neurology. The catchment area of the hospital covers roughly 10% of the total population of Norway. Participants were recruited at the first few days of admission based on predefined inclusion and exclusion criteria, and not on their vulnerability, reasons for admission, diagnosis or severity of disease. As Norway has an all-covering national health insurance, all patients enter the hospital on the same conditions and with the same inpatient threshold. The study inclusion criteria were hospitalised patients aged between 65 and 90 years old. The exclusion criteria included Mini-Mental State Examination score ≤21 (incapacity to give informed consent)[@R10]; pre-existing diagnosis of severe depression, stroke, dementia and psychotic disorders; serious visual or hearing impairment; and insufficient Norwegian language, all generally assumed to bias participants' responses on self-rated health questions. We precluded participants who were in a too serious medical condition or palliative treatment, defined by physicians at the study setting.

Data collection {#s2-3}
---------------

Data collection (by SC, TGS and CL) involved three steps. After consent had been given, all eligible participants were asked to complete a questionnaire on sociodemographic background, pain, anxiety and depression. At this stage, the investigators were blinded to the use of medications as this was registered in the electronic patient record (EPR) which could only be accessed once a written informed consent had been obtained. Having fulfilled this requirement, the EPRs were reviewed to document the use of medications (type, duration, frequency and polypharmacy). Finally, the presence of medication misuse or dependence among participants identified as prolonged users of CNSDs was assessed through a structured interview. Prior to the start of the study, the three data collectors had gone through training sessions in order to optimise congruent use of the interview. More details on definition, data sources and measurements for variables under investigation are given in the section below. The questionnaire and interview guide used to collect data from participants can be found in [online supplementary additional file 1](#SP1){ref-type="supplementary-material"}.
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Sociodemographic and clinical variables {#s2-4}
---------------------------------------

Sociodemographic variables included age (65--74, 75--84 and ≥85), sex (male, female), education (basic, secondary and higher education), annual income (\<200 000, 200 000--349 000 and ≥350 000 Norwegian krone per year) and living alone (yes, no). Clinical variables consisted of pain intensity (continuous, measured using Visual Analogue Scale (VAS)); anxiety and depressive symptoms were assessed with the Hospital Anxiety and Depression Scale (HADS). The Cronbach's alpha coefficient for the HADS anxiety and depression subscales, reported by Helvik *et al* [@R12], was 0.78 and 0.71, respectively. Optimal cut-off values for diagnosing anxiety and depression in older hospitalised patients using HADS remain to be established.[@R12] To avoid underestimation and misclassification bias of individuals with anxiety and depression, we used anxiety and depression scores as continuous variables. Higher scores indicate higher levels of anxiety and depressive symptoms.[@R14] Data for all of these variables were collected through a self-completed questionnaire.

Pharmacological variables {#s2-5}
-------------------------

We defined prolonged use of CNSDs as the use of opioid analgesics, benzodiazepines and/or z-hypnotics for 4 weeks or longer continuously up to the point of recruitment,[@R15] while non-prolonged use was non-use or use of these medications for less than 4 weeks. Medication misuse and dependence were defined based on the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria for substance abuse and dependence, through structured interviews, using the Norwegian version of the Mini-International Neuropsychiatric Interview Guide.[@R17] Dependence was defined to be present if patients met three or more of the dependence criteria. Misuse was confirmed if the dependence criteria were not met and the respondents satisfied one or more of the abuse criteria.[@R18] For the purpose of the present study, and as few patients fulfilled the misuse criteria (n=6), misuse and dependence were grouped together as medication misuse or dependence (n=39). Other pharmacological variables entailed types of CNSD medications used (categorised as exclusive or concurrent use), duration of use (continuous, in week), frequency of use (categorised as sporadic use if the medication was taken intermittently \<5 days per week and as daily use if the medication was taken ≥5 days per week) and polypharmacy[@R19] (defined as use of ≥5 medications daily, coded as yes or no). The main source of pharmacological data was the EPR. We also sought to verify this against information from patients and GP referral documents. To ensure the accuracy of data on CNSD use patterns, we checked for evidence of use and consistency across prescriptions and relevant documents reported from both primary care and hospital settings.

Statistical analysis {#s2-6}
--------------------

We analysed the characteristics of older patients with and without prolonged use, and that of those with and without misuse or dependence using descriptive statistics. We assessed the associations between patient characteristics and the presence of prolonged CNSD use, and misuse or dependence using bivariate and multiple logistic regression analyses. The analyses included adjustment for sociodemographic subgroups (age groups, sex, education, annual income, living alone), clinical (pain intensity, anxiety and depression scores) and pharmacological variables (polypharmacy, duration and concurrent use of CNSDs). Multiple imputations, under the missing at random assumption, using chained equations (with 20 imputed data sets) were performed to handle missing data. Sensitivity analyses were conducted for the same models using complete case analysis (individuals with missing data are excluded). No multicollinearity was detected. Stata-SE V.15 software was used for all statistical analyses.[@R20]

Patient and public involvement {#s2-7}
------------------------------

A user advisory board established at the Akershus University Hospital (the study setting), which included both representatives of older patients and health service officials, supported this study. The board met on a regular basis throughout the study period. They provided project-specific inputs on ethics, design and methodology, as well as highlighted research focus based on patient and public interests. They will also be involved in the dissemination of the findings.

Results {#s3}
=======

Participants {#s3-1}
------------

In total, we consecutively approached 665 adults aged 65--90. Of these, 227 participants declined to participate, while 92 others were precluded due to either being in a too serious medical condition or palliative treatment. Of the remaining patients, 100 were excluded based on predefined exclusion criteria. This resulted in 246 older patients eligible for the study, of whom 100 were thereafter identified as prolonged users of CNSDs (≥4 weeks). [Figure 1](#F1){ref-type="fig"} provides more details on the flow of participants through the study.

![Flow of participants through the study. MMSE, Mini-Mental State Examination.](bmjopen-2019-031483f01){#F1}

There were no missing data in the variables: prolonged use, misuse or dependence, concurrent use, duration of CNSD use, age groups, sex, living alone, and polypharmacy. The following variables had missing data: pain intensity (7%, 18/246), anxiety scores (7%, 17/246), depression scores (7%, 17/246), education (6%, 14/246) and income (16%, 39/246).

Descriptive data {#s3-2}
----------------

Overall, in descriptive analyses, older patients with prolonged use of CNSDs were more often female, aged 75--85, living alone, with lower socioeconomic status (completed ≤secondary education and earned \<350 000 Norwegian krone per year), polypharmacy, and accompanied by higher pain intensity and depression scores ([table 1](#T1){ref-type="table"}). Patients screening positive on misuse or dependence were mainly those living alone (69%) and those on concurrent use of several CNSDs (46% vs 20%). More details on patient characteristics are provided in [table 1](#T1){ref-type="table"}.

###### 

Patient characteristics

  Patient characteristics         Prolonged use of CNSDs   CNSD misuse or dependence                    
  ------------------------------- ------------------------ --------------------------- ---------------- ---------------
  Sex                                                                                                   
   Female                         71 (49%)                 66 (66%)                    38 (62%)         28 (72%)
   Male                           75 (51%)                 34 (34%)                    23 (38%)         11 (28%)
  Age groups, years                                                                                     
   65--74                         73 (50%)                 28 (28%)                    18 (29%)         10 (25%)
   75--84                         59 (40%)                 51 (51%)                    34 (56%)         17 (44%)
   ≥85                            14 (10%)                 21 (21%)                    9 (15%)          12 (31%)
  Education, years                                                                                      
   Basic education (≤10)          16 (12%)                 30 (32%)                    17 (29%)         13 (36%)
   Secondary education (11--13)   64 (46%)                 31 (33%)                    21 (36%)         10 (28%)
   Higher education (≥14)         58 (42%)                 33 (35%)                    20 (35%)         13 (36%)
  Income (Norwegian krone/year)                                                                         
   \<200 000                      8 (7%)                   13 (15%)                    7 (14%)          6 (18%)
   200 000--349 000               42 (34%)                 43 (51%)                    24 (46%)         19 (58%)
   ≥350 000                       72 (59%)                 29 (34%)                    21 (40%)         8 (24%)
  Living alone                                                                                          
   No                             87 (60%)                 45 (45%)                    33 (54%)         12 (31%)
   Yes                            59 (40%)                 55 (55%)                    28 (46%)         27 (69%)
  Polypharmacy (≥5 drugs/day)                                                                           
   No                             55 (38%)                 8 (8%)                      6 (10%)          2 (5%)
   Yes                            91 (62%)                 92 (92%)                    55 (90%)         37 (95%)
  Anxiety scores (HADS-A)                                                                               
   Mean (SD)                      4.13 (3.28)              4.97 (3.91)                 4.47 (3.54)      5.68 (4.34)
   Median (range)                 4 (0--14)                4 (0--16)                   4 (0--16)        5 (0--15)
  Depression scores (HADS-D)                                                                            
   Mean (SD)                      3.60 (2.98)              5.13 (3.49)                 4.89 (3.26)      5.49 (3.81)
   Median (range)                 3 (0--13)                4 (0--15)                   4 (0--12)        5 (0--15)
  Pain intensity (mm on VAS)                                                                            
   Mean (SD)                      18.07 (24.21)            35.20 (30.35)               30.56 (28.30)    42.08 (32.34)
   Median (range)                 7 (0--91)                29.50 (0--97)               27 (0--97)       48 (0--93)
  Duration of CNSD use (weeks)                                                                          
   Mean (SD)                      --                       71.47 (113.44)              72.10 (138.38)   70.48 (57.36)
   Median (range)                 --                       50.50 (4-988)               33 (4--988)      52 (4--232)
  Concurrent use (of \>1 CNSDs)                                                                         
   No (exclusive use)             --                       70 (70%)                    49 (80%)         21 (54%)
   Yes                            --                       30 (30%)                    12 (20%)         18 (46%)

CNSD, central nervous system depressant drugs; HADS-D/A, Hospital Anxiety and Depression Scale, depression or anxiety subscale; VAS, Visual Analogue Scale.

Medication use patterns {#s3-3}
-----------------------

Forty per cent (100 out of 246 participants) of the older patients enrolled in this study were identified as prolonged users (≥4 weeks) of opioid analgesics, benzodiazepines and/or z-hypnotics. The dominant group of medications was z-hypnotics, accounting for 42% (42/100) as exclusive use and 26% (26/100) as concurrent use of z-hypnotics plus other CNSDs, followed by opioid analgesics, which comprised 21% (21/100) as exclusive use and 23% (23/100) as concurrent use. Benzodiazepines were less commonly used and constituted 7% (7/100) as exclusive use and 13% (13/100) as concurrent use. Of the prolonged users in our sample, 30% (30/100) concurrently consumed two or more different types of CNSDs. The most prevalent pattern of concurrent use was the combination of z-hypnotics and opioid analgesics, amounting to 57% (17/30) of all forms of current use.

The majority of older patients using CNSDs did so on long-term and daily basis. The medians for duration of use for opioid analgesics, benzodiazepines and z-hypnotics were 42 (4--988), 51 (4--208) and 52 (4--232) weeks, respectively. More than half of the prolonged users reported using these medications daily (5--7 days per week): opioid analgesics (26/44), benzodiazepines (15/20) and/or z-hypnotics (51/68).

Among all the prolonged users of CNSDs, 39% (39/100) met the DSM-IV criteria for substance abuse or dependence. The non-mutually exclusive proportions of misuse or dependence for opioid analgesics, benzodiazepines and z-hypnotics were 30% (13/44), 40% (8/20) and 41% (28/68), respectively.

Factors associated with prolonged use of CNSDs {#s3-4}
----------------------------------------------

In the multivariate model, factors associated with increasing odds for prolonged use of CNSDs included being aged 75--84 (OR=2.32, 95% CI 1.16 to 4.65) and ≥85 years old (OR=3.33, 95% CI 1.25 to 8.87), compared with age \<75, having more intense pain according to the VAS (OR=1.02, 95% CI 1.01 to 1.04) and polypharmacy (OR=5.16, 95% CI 2.13 to 12.55). On the contrary, the odds were lower among patients who had completed at least secondary education (OR=0.33, 95% CI 0.13 to 0.83) compared with only basic education ([table 2](#T2){ref-type="table"}). In the sensitivity analysis using complete case analysis, the associations between these factors and the prolonged use of CNSDs remained significant ([online supplementary additional file 2](#SP2){ref-type="supplementary-material"}). Sex, income, anxiety and depression scores were not significantly associated with prolonged use of CNSDs.
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###### 

Logistic regression models for factors associated with prolonged use of CNSDs, estimated using multiple imputations

  Independent variable            Bivariate model        Multivariate model                          
  ------------------------------- ---------------------- -------------------- ---------------------- ------------------
  Sex                                                                                                
   Male                           1                                           1                      
   Female                         2.05 (1.21 to 3.47)    **0.007**            1.56 (0.80 to 3.02)    0.19
  Age groups, years                                                                                  
   65--74                         1                                           1                      
   75--84                         2.25 (1.27 to 4.00)    **0.006**            2.32 (1.16 to 4.65)    **0.02**
   ≥85                            3.91 (1.75 to 8.74)    **0.001**            3.33 (1.25 to 8.87)    **0.02**
  Education, years                                                                                   
   Basic education (≤10)          1                                           1                      
   Secondary education (11--13)   0.29 (0.14 to 0.60)    **0.001**            0.33 (0.13 to 0.83)    **0.02**
   Higher education (≥14)         0.34 (0.16 to 0.71)    **0.004**            0.45 (0.18 to 1.12)    0.09
  Income (Norwegian krone/year)                                                                      
   \<200 000                      1                                           1                      
   200 000--349 000               0.73 (0.27 to 1.93)    0.52                 0.67 (0.20 to 2.24)    0.52
   ≥350 000                       0.33 (0.12 to 0.88)    **0.03**             0.35 (0.10 to 1.23)    0.10
  Living alone                                                                                       
   No                             1                                           1                      
   Yes                            1.80 (1.08 to 3.01)    **0.03**             0.94 (0.47 to 1.88)    0.86
  Polypharmacy (≥5 drugs/day)                                                                        
   No                             1                                           1                      
   Yes                            6.95 (3.13 to 15.41)   **\<** **0.001**     5.16 (2.13 to 12.55)   **\<** **0.001**
  Anxiety scores (HADS-A)         1.06 (0.98 to 1.14)    0.14                 1.01 (0.91 to 1.13)    0.80
  Depression scores (HADS-D)      1.14 (1.05 to 1.24)    **0.002**            1.08 (0.95 to 1.22)    0.21
  Pain intensity (mm on VAS)      1.02 (1.01 to 1.03)    **\<** **0.001**     1.02 (1.01 to 1.04)    **\<** **0.001**

Bold, P value \<0.05.

CNSD, central nervous system depressant drugs; HADS-D/A, Hospital Anxiety and Depression Scale, depression or anxiety subscale; VAS, Visual Analogue Scale.

Factors associated with CNSD misuse or dependence {#s3-5}
-------------------------------------------------

[Table 3](#T3){ref-type="table"} shows the results of bivariate and multiple logistic regression analyses of the factors associated with CNSD misuse or dependence, estimated using multiple imputations. We found that concurrent use of CNSDs and pain intensity had a significant association with misuse or dependence. In the multivariate model, we found that compared with exclusive use, concurrent use of two or more CNSDs increased the odds for misuse or dependence by four times (OR=3.99, 95% CI 1.34 to 11.88).

###### 

Logistic regression models for factors associated with CNSD misuse or dependence, estimated using multiple imputations

  Independent variables           Bivariate model        Multivariate model                          
  ------------------------------- ---------------------- -------------------- ---------------------- ----------
  Sex                                                                                                
   Male                           1                                           1                      
   Female                         1.54 (0.65 to 3.67)    0.33                 1.13 (0.39 to 3.21)    0.83
  Age groups, years                                                                                  
   65--74                         1                                           1                      
   75--84                         0.90 (0.34 to 2.37)    0.83                 1.37 (0.42 to 4.50)    0.60
   ≥85                            2.40 (0.75 to 7.65)    0.14                 2.30 (0.56 to 9.45)    0.25
  Education, years                                                                                   
   Basic education (≤10)          1                                           1                      
   Secondary education (11--13)   0.61 (0.22 to 1.72)    0.35                 0.84 (0.23 to 3.03)    0.78
   Higher education (≥14)         0.86 (0.32 to 2.34)    0.77                 1.09 (0.31 to 3.81)    0.89
  Income (Norwegian krone/year)                                                                      
   \<200 000                      1                                           1                      
   200 000--349 000               0.85 (0.24 to 2.98)    0.80                 1.26 (0.26 to 6.26)    0.77
   ≥350 000                       0.49 (0.13 to 1.88)    0.30                 0.73 (0.11 to 4.83)    0.75
  Living alone                                                                                       
   No                             1                                           1                      
   Yes                            2.65 (1.14 to 6.18)    **0.02**             2.06 (0.65 to 6.48)    0.22
  Polypharmacy (≥5 drugs/day)                                                                        
   No                             1                                           1                      
   Yes                            2.02 (0.39 to 10.55)   0.41                 1.88 (0.25 to 14.21)   0.54
  Concurrent use (of \>1 CNSDs)                                                                      
   No (exclusive use)             1                                           1                      
   Yes                            3.5 (1.44 to 8.54)     **0.006**            3.99 (1.34 to 11.88)   **0.01**
  Duration of CNSD use (weeks)    1.00 (0.99 to 1.00)    0.94                 1.00 (0.99 to 1.00)    0.33
  Anxiety scores (HADS-A)         1.08 (0.97 to 1.21)    0.14                 1.06 (0.88 to 1.26)    0.55
  Depression scores (HADS-D)      1.05 (0.93 to 1.19)    0.41                 0.99 (0.81 to 1.20)    0.90
  Pain intensity (mm, VAS)        1.01 (0.99 to 1.03)    0.08                 1.02 (1.01 to 1.04)    **0.04**

Bold, P value \<0.05.

CNSD, central nervous system depressant drugs; HADS-D/A, Hospital Anxiety and Depression Scale, depression or anxiety subscale; VAS, Visual Analogue Scale.

Moreover, as pain intensity increased by 1 mm on the 100 mm VAS, the odds for misuse or dependence increased by 1.02 units (OR=1.02, 95% CI 1.01 to 1.04). Sensitivity analysis using complete case analysis yields consistent results ([online supplementary additional file 2](#SP2){ref-type="supplementary-material"}).

Discussion {#s4}
==========

Our study shows that prolonged, concurrent and daily use of CNSDs is prevalent among hospitalised older patients. The z-hypnotics were the most commonly used drugs, both in exclusive and concurrent use patterns (with other CNSDs). In this particular group of patients, the presence of prolonged CNSD use was more common among patients with the following characteristics: being female, aged 75--84 years old, living alone, with lower socioeconomic status, polypharmacy, higher pain intensity and depression scores. Patients with misuse or dependence, according to the DSM-IV criteria, were mainly those living alone and those on concurrent use of several CNSDs. The odds for prolonged CNSD use were higher among patients aged ≥75 years old and those with higher pain intensity and polypharmacy. Having completed secondary education was protective against the prolonged use. In older patients, enhanced pain and concurrent use of ≥2 different types of CNSDs rather than the duration of use increased the likelihood of misuse or dependence.

One of the strengths of this study is that it provides evidence on the characteristics of older patients with prolonged CNSD use, misuse and dependence, from many different aspects (sociodemographic, pharmacological and clinical profiles). We adhered strictly to the STROBE reporting guidelines and ethical standards, and outcome measures were predefined. Moreover, we used validated and generally accepted criteria (DSM-IV criteria) to assess medication misuse and dependence in older patients. Nonetheless, the study has some limitations. We acknowledge that the use of a consecutive hospital-based sample represents a limitation regarding generalisability of the study findings to the general population. However, our study should be reasonably representative for somatic hospital populations of older people. We suggest that hospitals may be good settings for conducting research on medication-related problems as they represent settings where older patients often get their medication regimens changed and also where they may therefore be at risk for adverse drug events and, consequently, where this focus is important. Furthermore, it has recently been pointed out that long-term use of benzodiazepine/z-hypnotics often started in hospitals and the prescription is continued by GPs.[@R21] Another issue, which suggests some care in the interpretation of our results, is the relatively high number of patients who declined participation. It may be that those who declined represent either those with the most serious medical conditions or those who were not interested in being queried regarding their medication use, thus suggesting that our sample may be somewhat biased towards milder cases. In addition, the use of cross-sectional data precludes us from inferring causality of the observed associations.

Our study delivers a number of new and important insights pertaining to medication misuse and dependence in older patients. First, our study showed that concurrent use of CNSDs is still common among older patients. This is despite recommendations specified in the national treatment guidelines and evidence on the risk of fatal overdose.[@R22] Second, we comprehensively explored patient characteristics associated with the presence of CNSD prolonged use among hospitalised older patients, which may be useful for raising the awareness of patient groups that may be at increased risk.

Among geriatric patients, age-related pharmacokinetic and pharmacodynamics changes, chronic diseases, polypharmacy, and cognitive impairment can all interact and lead to greater vulnerability to harmful effects of medication overuse. According to both the Norwegian General Practice criteria (NORGEP) and international (Beers and the screening tool of older people\'s prescriptions (STOPP)) criteria[@R27] and treatment guidelines,[@R22] opioid analgesics, benzodiazepines and z-hypnotics are all classified as inappropriate drugs for older patients and should not be used on a long-term basis. Our findings are consistent with three studies previously conducted in Norway,[@R6] and suggest that today's prescribing behaviour is suboptimal and that more indepth research and educational interventions are needed.[@R31]

Problematic patterns of CNSD use may derive from different underlying factors. Overprescribing is often unintentional, due to lenient prescribing or unawareness among prescribers about the uncertainty of long-term efficacy of CNSDs.[@R33] Another factor may be the failure to recognise at-risk patients, which may be a consequence of lacking validated instruments. Apart from this, doctor--patient communication may also play a role. Messages on the importance of adherence in order to avoid harmful effects of medication overuse, for instance, may not be conveyed effectively to older patients. For the older patient counterpart, potential barriers to understanding and adhering to medical advice may include cognitive impairment, low health literacy and lack of family/social support.[@R35] Furthermore, older patients may hold opposing attitudes regarding the discontinuation of CNSD use,[@R21] if adverse effects are underemphasised and hopes of attaining freedom from unnecessary pain, anxiety and sleep disturbances in old age based only on medications are overstated. Physicians may also experience other challenges in managing CNSD use.[@R37] Both the magnitude and impacts of such underlying factors on the prolonged use of CNSDs in older patients remain poorly understood and should therefore be elaborated in future research.

Also of note, we found that the concurrent use of CNSDs significantly increased the odds for misuse or dependence in older patients, even adjusted for patients' sociodemographic background and clinically important covariates such as duration of CNSD use and intensity of pain, anxiety and depressive symptoms ([table 3](#T3){ref-type="table"}). This finding suggests that coprescribing of CNSDs for older patients should be done with great care. Moreover, the present study points out a significant association between polypharmacy and CNSD prolonged use in older patients. This, to our knowledge, has not been explored by previous research. Such associations can be explained by several factors. Studies suggest that polypharmacy is associated with the co-occurrence of anxiety, sleep difficulties and discomforts,[@R38] and might through unknown side effects aggravate these conditions, in turn leading to more CNSDs being prescribed for symptom relief.[@R41]

Pertaining to our finding that living alone in old age is not associated with medication prolonged use and misuse or dependence, previous research yielded inconsistent results. Some reported that older adults who lived alone had significantly poorer sleep quality and tended to use more hypnotic drugs,[@R42] whereas others claimed that living alone is not associated with or even reduced the risk of long-term use of benzodiazepine and z-hypnotics.[@R44] The issue clearly deserves further focus.

Finally, we found that pain intensity has a significant relationship with both prolonged use and misuse or dependence. This may suggest that pain intensity drives problematic use of CNSDs. However, another possibility is that prolonged opioid use does not contribute to improving pain. That opioid-induced hyperalgesia may worsen pain is well known among younger chronic opioid users.[@R47] However, whether pain may indeed be worsened also by prolonged CNSD use among older patients remains to be studied. Notably, anxiety and depression, known to be associated with pain intensity, were not, in our study, associated with prolonged CNSD use and misuse or dependence, even though they were reported to be common among chronic z-hypnotics users (the major medication used in our sample).[@R49] The inter-relationship between pain, anxiety and depression is complex.[@R51] Future prospective studies over time are therefore needed to explain the interplay between these entities and their influences on CNSD dependence.

In conclusions, CNSD overuse (prolonged use, misuse and dependence) is still prevalent among hospitalised older patients, despite clear guidelines and recommendations. Our findings underline a need for stronger focus on responsible prescribing, timely detection and prevention of medication misuse and dependence, with special attention towards older patients, those with enhanced pain, polypharmacy and/or concurrent use of several CNSDs.
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